Background
type 2 diabetes cases but a higher percentage of prediabetes cases, in the population than the oral glucose tolerance test.
Conclusion
We found that glycated hemoglobin and the oral glucose tolerance test may be equally efficient for identification of type 2 diabetes in populations of South Asian origin. However, for programs aimed at identifying people at high risk of type 2 diabetes (i.e. with prediabetes), the oral glucose tolerance test may be a less efficient choice than glycated hemoglobin.
Background
Populations of South Asian origin are known to be at particularly high risk of type 2 diabetes mellitus and complications, and are thus an important target for active screening and prevention [1] [2] [3] [4] [5] . A recent study has calculated that a substantial benefit can potentially be realised by specifically targeting South Asian populations for active screening and prevention [4] .
The potential benefit efficiency/effectiveness of such an approach may in a large part depend on the uptake [6] . Furthermore, studies have shown that the uptake may be influenced by the method used for screening, with less invasive methods associated with a higher uptake [7] [8] [9] [10] [11] [12] . The oral glucose tolerance test (OGTT) was for years considered the criterion standard for diagnosis of type 2 diabetes, and several studies have used this method for screening, sometimes after pre-selection based on fasting plasma glucose or risk scores [4, [13] [14] [15] [16] . Nevertheless, the concern has been expressed that the decision to commit participants to an arduous OGTT negatively affected the uptake of screening, and that more people would be tested and diagnosed if a more convenient test had been used [4, 6] .
In recent years, recommendations have been updated to include glycated hemoglobin (HbA1c) as a diagnostic option [17] [18] [19] . Because Hba1c can be determined with a single blood sample, it has practical advantages and is less burdensome than the OGTT, and may therefore be associated with a higher participation in screening and ultimately a higher yield of screening. If that is indeed the case, use of Hba1c could potentially have an important impact on efficiency of screening in the South Asian origin population. However, the possible effect on the uptake and yield of screening has not been evaluated in this high-risk population [4] [5] 20] .
Therefore, the main aim of our study was to investigate the difference in the uptake, defined by the response to the invitation and participation in the screening, between 18-60 year old South Asian Surinamese men and women offered screening by means of an HbA1c measurement and those offered screening by means of an OGTT. We evaluated whether differences were consistent across age and sex groups. Moreover, we analysed whether a different subset of the population was reached, by analysing whether the characteristics of the screened participants differed according to the screening method. Finally, we estimated the yield of by comparing the percentage of cases of type 2 diabetes mellitus and prediabetes in our population identified if HbA1c as compared to the OGTT had been used.
Materials and Methods

Study population
We analysed data on South Asian Surinamese men and women, aged 18-60 years, who were invited to participate in the screening that took place to identify potential participants to be invited for the DH!AAN study, a randomized controlled trial of a lifestyle intervention for the prevention of type 2 diabetes mellitus in the Netherlands (Dutch Trial Register: NTR1499; [21] [22] ).
The term South Asian Surinamese is used to refer to people with South Asian ancestral origin, and their offspring who migrated to the Netherlands via Suriname. The South Asian Surinamese are the descendants of the indentured labourers from North India-Uttar Pradesh, Uttaranchal and West Bihar-between 1873 and 1917. The two large migration waves, around 1975 and 1980, of South Asian Surinamese to the Netherlands were mainly due to the political situation in Suriname [23] .
Recruitment strategy
We selected 10,420 South Asian Surinamese, aged 18-60 years, from 48 general practice lists in The Hague by means of name analysis. The researcher, the physician or the practice nurse, and a trained research assistant of South Asian Surinamese origin analysed the names. People known to have type 2 diabetes mellitus and pregnant women were excluded.
The general practitioner sent each potential participant an invitation letter with a reply card that could be returned if further contact was unwanted. , 2010 were offered screening by means of an HbA1c measurement (n = 2012, HbA1c group). We are able to make this comparison between methods due to an abrupt change in the study protocol [21] . Due to the shorter duration of a screening with a single measurement, a greater number of people could be screened within the available time.
The invitations for both groups were similar in content and form, except for the measurement offered. The OGTT group was informed that 'blood sugar' would be determined, after which a 'sugar drink test' would be performed that consisted of consumption of a 'sugar drink' and a 'measurement of the blood sugars after 2 hours'. Invitees were also informed that, while they waited, their weight, height, waist circumference and blood pressure were measured. The HbA1c group was informed that their weight, height, blood pressure and 'blood sugar' would be determined. Screening in both groups took place from Monday to Saturday, after an overnight fast from 10 p.m.
Invitees who had not responded to the invitation within 2 weeks received a written reminder inviting the recipient to make an appointment. The reminder also said that if there was no response (no appointment or reply card), the invitee would be contacted by telephone. The study team phoned those who had not responded within 1 week at least 3 times. If no telephone number was available (24.6% of participants) or potential participants could not be reached, we sent a second written reminder.
All people who made an appointment for screening ('response') received a letter of confirmation. In addition, a text message was sent the day before the screening to remind the participants of their appointment.
The materials (e.g. using the colours of the Surinamese flag in the logo of the study, adjusting the risk information in the invitation to the population) and the recruitment strategy used, were based on the approach tested in a previous pilot study [22] .
Data collection screening
People who attended the screening ('participation') were requested to fill out a brief questionnaire. We collected data on generation (first/second), education level (primary or lower, secondary, lower vocational, higher vocational or more), paid work (yes/no), known cardiovascular risk (previous diagnosis of high blood pressure, previous diagnosis of high cholesterol or experienced complaints related to heart disease; yes/no), and family history of type 2 diabetes mellitus (yes/no).
Trained research staff carried out a physical examination using a standardized protocol. The participants were weighed in light clothing on a Seca mechanical scale to the nearest 500 g (SECA gmbh & co, Hamburg, Germany). Height was recorded to the nearest 0.01 m on a Seca portable stadiometer. The anthropometric measurements were obtained twice, and the means were used for analysis. From weight and height we calculated the body mass index (BMI; weight in kilograms/height in meters 2 ). Blood pressure (Omron M5-1; Omron Healthcare Europe BV, Hoofddorp, the Netherlands) was measured in the seated position around the non-dominant arm supported at heart level. At most, five measurements were taken. We calculated the mean of the first two measurements with less than 5 mm Hg difference in both systolic and diastolic blood pressure [24] . Hypertension was defined as a systolic blood pressure ! 140 mm Hg, or a diastolic blood pressure ! 90 mm Hg, or a self-reported previous diagnosis of hypertension. Finally, the participants in both groups were asked to give a fasting blood sample for the measurement of HbA1c and fasting plasma glucose and, in the OGTT group only, to undergo an OGTT (glucose load 75 g). The laboratory methods used have been described previously [25] . Type 2 diabetes mellitus and prediabetes were subsequently classified [17]:
1. according to HbA1c: HbA1c ! 48 mmol/mol (! 6.5%) as type 2 diabetes, and 39 HbA1c <48 mmol/mol (5.7 to 6.5%) as prediabetes.
2. according to fasting plasma glucose: a fasting plasma glucose of 126 mg/dl (7.0 mmol/l) or more as type 2 diabetes mellitus and fasting plasma glucose of 100-125 mg/dl (5.6-6.9 mmol/l) as prediabetes.
3. according to the OGTT: type 2 diabetes mellitus by a fasting plasma glucose of 126 mg/dl (7.0 mmol/l) or more and/or 2-h plasma glucose of 200 mg/dl (11.1 mmol/l) or more, and prediabetes (prediabetes) by fasting plasma glucose of 100-125 mg/dl (5.6-6.9 mmol/l) and /or a 2-h glucose post load of 140-199 mg/dl (7.8-11.1 mmol/l).
Statistical analysis
We calculated the response and participation rates for the HbA1c group and the OGTT group, in the total population and stratified by age and sex. In addition, we described the reasons quoted for non-response. Differences between groups in response, participation and reasons for non-response were assessed with Pearson Chi square tests. We also used logistic regression analysis to calculate the age and sex adjusted odds ratios (with corresponding 95%-confidence intervals) for response and participation in the HbA1c versus the OGTT group. Because we expected variation across general practices in the response [26] , we used two-level regression models for these analyses. In these models, participants (level 1) were nested within general practice (level 2). To allow for dependencies between participants registered with the same practice, a random intercept (level 2) was incorporated into the model. In our tables, we report the estimates for the associations derived from these analyses. We also tested for interaction by age or sex by including an interaction term for age Ã type of invitation and age Ã type of invitation into the models. A p-value lower than 0.05 for the F test was considered indicative of interaction. Subsequently, we described the differences in the prevalence of characteristics of participants in the HbA1c group and the OGTT group. We tested differences between the groups with Pearson chi-square tests or analysis of variance. We then used two-level regression models to calculate the odds ratio for belonging to the OGTT versus HbA1c group, adjusted for sex and age. We also report the p-values derived from the F-tests for each of the fixed effects. Finally, we calculated the percentage of new cases of type 2 diabetes mellitus and prediabetes identified per strategy. We estimating the percentage that would have been detected if specified strategy had been used, assuming a similar risk among participants and non-participants. For instance, the percentage of cases detected for the HbA1c strategy was calculated as: the participation rate in HbA1c group times the estimated prevalence defined by HbA1c, divided by the total prevalence as defined by HbA1c and OGTT combined. We defined a range by repeating the calculations with the lower bound and, then, upper boud of the confidence interval estimates for participation and prevalence.
The analyses were performed using the SAS package, version 9.3 (SAS Institute Inc., Cary, USA.). A p-value <0.05 was considered statistically significant. The data underlying our analyses have been made available in (S1 Dataset. Data on response and participation in screening DHIAAN).
Ethical approval
The Institutional Review Board of the Academic Medical Centre of the University of Amsterdam approved the study. The study was carried out conform the Declaration of Helsinki. All participants provided oral and written informed consent.
Results
Of those invited, 48,8% were men. The mean age of invitees was 37.3 (37.0-37.6); 29.3% were 18-29 years old, 40.2% 30-44 years and 30.3% 45 years or older.
We observed a slightly higher response and participation rate in the HbA1c group than in the OGTT group (Table 1) . The response rate in the HbA1C group was 29.2% (CI 27.6-30.8) versus 24.6% (CI 23.1-26.1) in the OGTT group (p = 0.0002), and the corresponding participation rate 23.9% (CI 22.0-25.8) in the HbA1c group and 19.3% (CI 18.8-21.6) in the OGTT group (p<0.0001). This pattern of differences between the HbA1c and OGTT groups was also observed among men and women and across age groups (Table 1) . In both the OGTT group and the HbA1c group, the most frequently cited reason for non-response was 'no time' or 'not interested', followed by 'not eligible' ( Table 2 ). The differences in reasons for non-response between the groups were small and not significant (p = 0.26).
The age and sex adjusted OR for response in the HbA1c group versus the OGTT group was 1.30 (95%-CI 1.00-1.68). A similar difference between the HbA1c group and the OGTT group was observed for the participation (adjusted OR = 1.30 (95%-CI 1.01-1.69). We did not find evidence for a different association between men and women and between younger and older age groups (Table 1) .
Further analysis revealed that the screened population in the HbA1c group was similar to the screened population in OGTT group with regard to age, sex, marital status, level of education, having paid work and known cardiovascular risk, but those in the HbA1c group were less likely to belong to the first generation (p = 0.02) or to have a family history of diabetes than participants in the OGTT group (p = 0.03). After accounting for general practice variation and adjustment for sex and age, the odds of belonging to the HbA1c or OGTT group did not differ significantly between for any of these characteristics ( Table 3 ). The prevalence of overweight, hypertension and the prevalence of type 2 diabetes mellitus and prediabetes defined by fasting plasma glucose or HbA1c were also similar between groups (Table 3) .
Finally, the percentage of diabetes cases identified in our population appeared to be independent of the strategy used (Table 4) . However, the HbA1c strategy did identify more prediabetes cases than the OGTT strategy.
Discussion
Main findings
Among men and women and across age groups, we found a higher response and participation among those invited for screening by means of an HbA1c measurement than among those invited for a screening consisting of an OGTT. Although we found that participants in the HbA1c group were less likely to have a family history of diabetes that participants in the OGTT group, no differences were found in other characteristics. The estimated yield, in terms of the percentage of all cases identified if all invitees had been offered screening by means of HbA1c differed from the estimated yield of the OGTT strategy for prediabetes, but not for type 2 diabetes mellitus.
Discussion of the main findings
Uptake of screening. The response and participation rates, regardless of the recruitment strategy, were higher in our study than the rates in two recent studies among South Asian origin populations selected from general practices in the UK [4, 27] . This may be related to the more intensive recruitment strategy used in our study as compared to those studies. As compared to screening studies among European populations, the uptake is only slightly lower in our study [4, [6] [7] [8] [9] [10] [11] [12] . This lower uptake was expected as a lower participation is often observed in studies among migrant populations in industrialised countries [4, [28] [29] [30] . Differences in uptake in HbA1c vs. OGTT group. The higher uptake for HbA1c is in line with the assumption that a more burdensome test is associated with a lower response [4, 20] . It is also in line with the observation from the ADDITION study that participation appeared lower among those offered an OGTT screening than among those offered other methods [7] . However, direct comparisons could not be made in that study as the different methods were used in different populations in different settings. Our findings, however, indicate that the absolute difference in uptake between both methods in this population is relatively small. Interestingly, the burden was not substantially more frequently quoted (reason declined 'no time or interest') among non-responders in the OGTT group than in the HbA1c group. Unfortunately, this self-reported reason may not be an adequate reflection of the invitees' most important considerations for declining participation. Previous studies have demonstrated that participation in preventive programs is influenced by many other factors, such as perceived risk [30] [31] [32] [33] . However, perceived risk and other possible factors that nay influence participation in screening were not available for non-participants in our study.
Selective participation. One important question is whether the two methods appeal to or reach different subsets of the population, as selection of a subgroup at a higher or lower risk of type 2 diabetes mellitus may affect the efficiency of screening. A relatively higher participation of people with a family history of diabetes in the OGTT group would fit the finding that people with a higher risk perception, related to having a family member with type 2 diabetes, may be more motivated to participate in prevention programmes than others [32] [33] [34] However, the differences in the odds of belonging to the HbA1c or OGTT group were not significant after adjustment for age and sex and accounting for general practice variations. Moreover, we did not find differences in the prevalence of type 2 diabetes, prediabetes and other metabolic outcomes between the groups.
Yield of screening. Ideally, a screening method efficiently identifies people with previously undiagnosed type 2 diabetes mellitus and, in light of the potential effectiveness of early lifestyle intervention [35] , people at risk of type 2 diabetes (e.g. those with prediabetes). Based on the higher uptake, an invitation for screening by means of an Hba1c measurement would seem a Table 4 . Estimation of the percentage of the total of cases with type 2 diabetes and prediabetes in the population detected in a 18-60 year old South Asian population in The Hague. Overall prevalence = prevalence based on combined OGTT and HbA1c measurement. OGTT = oral glucose tolerance test; HbA1c = glycated hemoglobin measurement; CI = 95%-confidence interval. better strategy than screening by means of an OGTT. However, the yield for 2 diabetes appeared similar for both strategies. This difference between uptake and yield is likely related to the estimated prevalence of type 2 diabetes, and the overlap of measures in our population. We have previously shown that Hba1c may not detect all new cases in our population that would have been identified if the OGTT had been used and vice versa [25] . While the estimated yield was similar for type 2 diabetes, the yield did differ between strategies for prediabetes. This difference between outcomes may be related to the greater correlation between both measures among people with diabetes than in those without diabetes [36] . In particular, because we chose the American Diabetes Association criteria to classify 'prediabetes', which use a broader range to define impaired glucose regulation as compared to other criteria [17, 18] . The broader criteria result in a markedly higher proportion of people only identified with HbA1c as having prediabetes [37] . This is proportionally reflected in our calculation of the yield. However, as the uptake and prevalence in other populations or settings may be different, replication of our findings is warranted before a final conclusion is drawn.
Limitations
We made a comparison between potential invitees who were invited for a screening including an OGTT and people who were not. This 'natural experiment' was the result of an abrupt change in the study protocol [21] . However, a non-randomised comparison has some potential drawbacks. For instance, the difference in participation in the two groups may have been affected by changes in external circumstances. However, the recruitment took place in a relatively short period during which there were no major changes in local circumstances, such as local screening policies. Thus, it is unlikely that this explains the differences between the groups.
Another potential problem may be that the results were affected by baseline differences in characteristics that we did not measure. In addition, the uptake may be affected by characteristics of the general practices that participants were registered with [26] . We attempted to account for this variation by using multilevel analyses.
In our study, we asked all potential participants to fast prior to the screening appointment. However, fasting is not required for an HbA1c measurement [17] [18] [19] . The difference in uptake with the OGTT group might have been larger if we had dropped the requirement to fast for the HbA1c group.
Finally, we assumed a similar prevalence among people who were not screened than among people screened in our calculations of the yield, while this may not be the case [38] . This may have affected the absolute estimates of the yield if people with or without disease were more or less inclined to respond to an invitation for an OGTT measurement than for an HbA1c measurement. However, the comparison of the characteristics of screened participants did not show differences in metabolic profile between groups. Therefore, we expect that the effect on our results is small.
Conclusions
An invitation for screening with HbA1c was associated with a slightly higher uptake of screening in population of South Asian origin than an invitation for an OGTT, but the methods did not appeal to a substantially different subset of the population. The difference between strategies in the yield of screening for prediabetes suggests that the OGTT may be a less efficient than HbA1c for programs aimed at the identification of people at risk of diabetes. For type 2 diabetes, the yield was similar for HbA1c and the OGTT. This suggests that either method may be chosen for type 2 diabetes screening. However, although the yield is an important consideration, the final choice in practice should also be determined by factors that we did not record in our study, such as cost, organisational aspects and patients' experience.
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